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1. Outline of the J-PARC RCS




J-PARC 3-GeV Rapid Cycling Synchrotron (RCS)

Circumference 348.333 m

3-NBT Extraction

Superperiodicity 3 Injection beam dump
Harmonic number 2 beam dumy/f \ (8 kW)
Number of bunches 2 (4 kW) i oy

. . to MLF
Injection Multi-turn, Secondary collimators }

Charge-exchange Primary collimator i @7

Injection energy 400 MeV Injection section ¢ TROnS
Infecti od 0.5 307 t Charge-exchange foil
njection perio S ms ( urns) (Injection point) to MR
Injection peak 50 mA 1 ey
current Nifa\* 3 50BT

Extraction energy 3 GeV
Repetition rate 25 Hz

Particles per pulse ~ 8.33 x 10%®
400-MeV H-

Beam power 1MW

v" RCS has two functions as;
- Proton driver for producing pulsed muon and neutrons

at the material and life science experimental facility (MLF)
- Injector to the 30-GeV main ring (MR)

v" The requirements for the beam operations to MLF and MR are different.
Thus, different parameter optimizations are required for each.



Requirements for the beam operations to MLF & MR

v Most of the RCS beam pulses are delivered to MLF,
while only four pulses every several second are injected to MR
by switching the beam destination pulse by pulse.

Destinations of the 25-Hz beam pulses

~95.5% to MLF ~6.5% to MR

¢ For MLF

v" Machine activations of RCS are mainly determined
by the beam operation to MLF.

= Sufficient beam loss mitigation = “Laroe

painting”

v" To keep a sufficient life-time of the neutron target,
a shockwave on the neutron target has to be mitigated.

= Wide-emittance beam with less charge density

€ For MR
v" Beam loss mitigation at MR = “Small
= Narrow-emittance beam with less beam halo Mg”

In order to meet the different requirements for MLF and MR,
we utilized “transverse injection painting”.
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€ Horizontal painting by a

horizontal closed orbit variation

during injection

= The injection beam is filled

- (a) from the middle to the outside (3947 mm mrad)

on the horizontal phase space.

@ Vertical painting by a

vertical injection angle change

during injection

= The injection beam is filled
- (b) from the middle to the outside, or G :

for painting

Primary /

collimator aperture

Ring acceptance Cir culatmg beam ellipse }"x
(486m mm mrad) \
with a painting em1ttam?eg

(47 mm mrad)

Injection angle change
for correlated painting

S "
of 100m mm mrad z\
Jorfer” i In] ection beam ellipse

Injection angle change

- (c) from the outside to the middle ) -
ER for anti-correlated painting

on the vertical phase space.

Htaeee F oil

(a)+(b) = Correlated painting
(a)*(c) = Anti-correlated painting - Better selection of correlated and

v We optimized injection painting to meet
the requirements for MLF and MR.

anti-correlated painting

Painting emittance; €,,=0~216m mm mrad ST S )
P - Optimization of the painting emittance




Tune diagram near the operational point

— Systematic resonances up to 4" order derived
from the 3-fold symmetric lattice of RCS Operational point:
T By 7 (6.45, 6.42)
69 | Y 2V)§(+2k27 . - » *allowing tune shifts to avoid
esf - | serious resonances:
: dv, =27 Viy=6, 4v, =27, 2v,+2v, =27

. 67|
>
0 66 v" The point is very close to 2vx-2vy=0.
5
: 65 - e . .
< v' The 2v,-2v,=0 resonance is not so serious,
& o not leading to serious emittance growth,
> st but it causes emittance exchange.

Vi

| v' The emittance exchange has
v =6 T2l a major influence on the formation
A I e At U R of the beam distribution

6 61 62 63 64 65 66 67 68 69 . o . . T
) during injection painting.
Horizontal tune v,

The main topic of this talk is to discuss:

- Influence of the emittance exchange on injection painting
- Optimization of the painting method
in such a situation involving the emittance exchange

for a high-intensity beam (~8.33 x 10 ppp: ~1 MW-eq.).




2.1 Particle motions during injection painting
with a large painting emittance of g,~200r mm mrad

... required for the beam operation to MLF



Time dependence of the beam emittance
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| v A large emittance growth occurs
for correlated painting,
making a significant beam loss.

| v The mechanism of this emittance
] growth can be understood

by considering the effect of

the emittance exchange.
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Betatron actions (],, J;) during injection

Correlated painting of &,,=200r mm mrad
€ Without space charge
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v" The above situation significantly changes when the space charge is turned on.

€ With space charge

350 350 - 350 - 350
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v We can see a diffusion of particles swerving from the path of beam painting,

and it finally causes emittance growth over the painting area.
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Effect of the emittance exchange in correlated painting

Correlated painting of ,=200r mm mrad

v' The emittance dilution is mainly
led through the emittance exchange

caused by 2v,-2v,=0.

380 ——
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EX o L]
0 100 200
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300
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v" The emittance exchange occurs
in the orthogonal direction
to the direction of correlated painting.

= The emittance exchange is more directly
connected to significant emittance growth.
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Single-particle motion of one macro-particle
leading to large emittance growth

350

w
o
(=]
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v" This figure clearly shows the emittance growth is mainly caused by
the emittance exchange which occurs perpendicularly to the path of beam painting.

v" This is the main reason why a large emittance growth occurs for correlated painting.



Betatron actions (], J,) during injection

Anti-correlated painting of &,,=200r mm mrad

€ Without space charge

350 350 50 50
<. (t~0.13ms t~0.26 ms t~0.39 ms t~0.50 ms
300 . . . . . 300 300 300 .. .
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: : 2], (n mm mrad)
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350 350 . 350 ! 350
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o )

100 200 300 0 100

2WZJX (TacBO mm mrad)

v We can find the emittance exchange occurs
along the path of beam painting, when the space-charge is turned on.
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300
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Effect of the emittance exchange in anti-correlated painting

Anti-correlated painting of g,=200r mm mrad
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v" In anti-correlated painting,
the direction of the emittance exchange is the same
as the direction of the beam painting.

= This geometrical situation prevents the emittance exchange
from causing a large emittance growth.
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Single-particle motion of one macro-particle

Anti-correlated painting
of &,=200nr mm mrad
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v" The direction of the emittance exchange

is the same as the direction of the beam painting.

= Most of the beam particles stay in the painting area
even if the emittance exchange occurs.



Correlated painting vs anti-correlated painting

Correlated painting Anti-correlated painting
of &,=200r mm mrad of &,=200nr mm mrad

v' The emittance exchange has different effects on the formation
of the beam distribution depending on the geometrical relation
with the path of the beam painting in the (J,, J,) space.

v" Emittance growth caused by the emittance exchange
is more enhanced for correlated painting,
while it is well suppressed for anti-correlated painting.
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Beam loss at the collimator

v" The above analysis concludes that anti-correlated painting
is less affected by the emittance exchange; it more favors
the suppression of emittance growth caused by the emittance exchange.

Measurement 1-MW beam test = Simulation
) '_ 3
19017 0ss ~1.81% o %
75| - Correlated painting 4 g3} E
50 |- (£p=200n mm mrad) 4 Z 2}
= = T 10l
25 g ] = I
0 i h - A il Q—q 0.
0 1 2 3 a 5 6 =
00 [ 1 Qafl 3
75| - Anti-correlated painting| 3%} E
5o | Loss ~0.25% (£,,=200 d T 20 E
E €, =200n mm mrad) | g2
25| BLM HV=-300v | &1} E
0 L R i 0P g lameseee o b e e
0 1 2 3 4 5 6 Z 0 1 2 3 a 5 6
Time (ms) Time (ms)

v' Through the measurements and numerical simulations,
we confirmed the advantage of anti-correlated painting.

v" Note that the conclusion obtained here is just for the case of large painting.

‘ v" We next investigated the case of small painting.



Particle motion during injection painting

with a small painting emittance of g,~50r mm mrad

... required for the beam operation to MR
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Beam emittance as a function of the painting emittance

---©--- Correlated painting

---©--- Anti-correlated painting

Horizontal Vertical
= [ N 1 v* This dependence is ascribed to the balance
T ws| @1.6ms - 7 gy .
& osf 11 10 after fhi 275 1 of iniection) | between the painting emittance and
g (1.1 ms after the end of injection) / its resultant space-charge mitigation.
= 0 ?§m=5l0n mm mrad | 0 - i
& | £,=200n mm mrad . | v The minimum beam emittance is
é : i achieved for a small painting emittance
i of | ol —
E 0 i i a0 iy, of &,=50mr mm mrad.
s i ! Jod ]
Lo Sl s ', | ¥ Correlated painting
N 7 I /| rather than anti-correlated painting
o e S R . provides narrower beam emittance
D I ' [ SR I B
e || at &,,=50n mm mrad.
Tés 125 ““\;:‘ i i i 125
5 | | v* This situation for correlated and
R Rt ] anti-correlated painting is completely
0 507100 15 200 0 50 100 150 200 opposite to the case of large painting.

Painting emittance &, (1 mm mrad)



Time dependence of the beam emittance:

large painting vs small painting

Normalized 99% emittance (1 mm mrad)

300

250

Horizontal

Correlated painting

Anti-correlated painting
Vertical

—
Injection:

0.5 ms

| S—

Estp=200n mip 1y

T 30 T
250:
200
150
m t

100

50

0

Time (ms)

| v' In case of large painting,

anti-correlated painting gives
less emittance growth.

v' But, in case of small painting,

correlated painting

rather than anti-correlated painting
gives narrower beam emittance,
contrary to the large painting case.

| v/ We investigated the cause of this opposite

phenomenon observed in small painting.



Effect of the emittance exchange in anti-correlated painting

Anti-correlated painting of &,=50r mm mrad

High density

v' The direction of the beam painting is
the same as the direction of the emittance exchange.

= The additional emittance growth caused
by the direct effect of the emittance exchange
can well be suppressed.

v" But, this geometrical situation has a potential of
causing a significant charge density modulation.

= The synchronism between
- Move of the charge distribution
by the emittance exchange &
- Beam painting
possibly makes a high-density structure.
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Betatron actions (], J,) during injection

Anti-correlated painting of &,=50r mm mrad
€ Without space charge

100

- t~0.13 ms
(Beginning of injection

Painting area

€ With space charge

-

2], (r mm mrad)
& g

100 ~$~(0.26 ms

0 25 50 75 100

10 ~£~(0.39 ms

10 -t~0.50 ms
'(End of injection)

o =: P
0 25 50

2], (x mm mrad)

100 a 25 50 75

- t~0.13 ms
(Beginning of injectior

" t~0.26 ms

75 100
2], (mt mm

v We can actually find the formation of a high density structure
at the late stage of injection.

v" But such a significant charge density modulation is not found

in case of large painting. . . .. Why?
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Charge distributions formed by anti-correlated painting:
small painting vs large painting

¢ Anti-correlated painting of ¢,,=50r mm mrad

nE xx) | "y y) t~0.5 ms
: L. >
= st 5 End of 1n]ect10n) R
g ot High density isle TN\

Large painting

(mm)

v' A significant charge density modulation
is formed by the synchronism between

the beam painting and the emittance exchange.

Smdll painting

@ Anti-correlated painting of ¢,,=200r mm mrad

l xx) 2l (5 Y) ———
i ; High density isle 2],
o= =t " Uniform distribution
=~ .
8% Il  t~0.5ms , _ .
ast P (End of injection) The charge density modulation
j SNSRI hy TN is a characteristic phenomenon
(mm) enhanced in anti-correlated painting
v' The range of the beam painting is very wider, with a small painting emittance.

so the synchronism between
the beam painting and the emittance exchange
is relatively lost in going to larger painting.



Betatron actions (], J,) during injection

Correlated painting of g,=50r mm mrad
€ Without space charge

< 013 ms ™ t~0.26 ms "1 1~0.39 ms
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5
™

2], (n mm mrad)
g

0 % 50 75 100

039 ms

75 100 00 ) 25 50
2], (x mm mrad

v" Correlated painting suffers significant emittance growth directly caused by the emittance
exchange itself, but it has the advantage of avoiding the charge density modulation;
uniform distribution is maintained at all times during injection.

v" These characteristic particle motions in small painting were experimentally confirmed.
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Beam profiles measured at the end of injection

09|
08|

07 / Measurements
| ost

05|
04
03[

0.2
0.1f
ob e |

III0I ‘50 -50I‘I0‘ ‘I50
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2] (nmmmrad) v A high-density peak structure was found

for anti-correlated painting, as predicted.

Correlated painting of &,=50r mm mrad

100 =2 1 1
— 09| 09|
"g 80 08 [ 08 [
= 07| 07| Measurements
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£ 05| 05 [
E w0 0.4 - 04
e i 03} 03[
~ i 02| 02|
— 2 01 01
N ok ob= _—
; T -50 0 50
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2], (tmmmrad) A yniform beam distribution was observed

for correlated painting, as expected.



Space-charge detuning

Anti-correlated painting of &,=50r mm mrad

2], (x mm mrad)

Vertical tune vy
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v
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S BT

Horizontal tune v,

Correlated painting of g,=50nr mm mrad

2], (r mm mrad)

25 50 “'1:5r 1']0
2], (x mm mrad)

58 6 6.2 6.4 6.6

Horizontal tune v,

The high-density isle formed in
anti-correlated painting causes

a large space-charge detuning,
leading to a significant additional
emittance growth afterward.
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Subsequent behavior of
the beam particles forming the high-density isle

Anti-correlated painting of g,=50r mm mrad

o
o

100 — 100

- t~0.5 ms - t~0.63 ms 65 2v,-2v <0
s |_(End of injection) 80| ; 641 e
al v
Particles injected |@ | g : '
80 T 60 [ D 62f
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. 9 Y
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"% 20 ol by VX=6' . > 58 i
L > 5.7 ; TofRRE LT
£ 0 T R O O WP L ) AR |
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= | Horizontal tune v,
£ "t~0.82 ms o _-td'~.Q:97 ms-
> b h _- Bl w (300 turns from v" The emittance growth caused via
R .2, ow- up g‘@ the. end of m]ectlon) the formation of the high-density isle
o0 by 2v;-2v,=0 sy in th i- lated painting i
RPN - -5 e anti-correlated painting is
S "jj 2 Yx y,"_"6 o i more significant than that directly
oy L caused by the emittance exchange
: itself in the correlated painting.

v" This is the main reason why
the anti-correlated painting leads to
larger emittance growths
in case of small painting.

0 25 50 75 100

2], (r mm mrad)

v" The particles forming the high-density isle
diffuse quickly for just 300 turns.



Result of the discussion

The emittance exchange makes two major effects (A) & (B).

(A) Emittance growth simply
caused by the emittance
exchange itself,
which is more enhanced
for correlated paining

(B) Emittance growth caused by the

secondary effect of the emittance exchange,
namely, through a modulation of

the charge density, which is more
enhanced for anti-correlated painting

2],

exchange

2]

X

€ Large painting

2],

Emittance i
exchange |

Forming

a high density isle,
then making additional

emittance growth

Beam

1
1
1
painting .

2

X

v' The effect (A) is more significant.
v' Anti-correlated painting, avoiding (A), gives less beam loss.

€ Small painting

v' The effect (B) is more significant.
v' Correlated painting, avoiding (B), leads to narrower beam emittance.

v' Based on this result, we optimized transverse painting for MLF and MR.




3. Present status and perspective of
the J-PARC RCS beam operation

29



Present operational points
used for the beam operations to MLF and MR

For MLF For MR
Bl5 """'|"' 615_|||| |||||||||||
6.45
- Large painting N 64l Small painting
- &, =200mr mm mrad 32) - 6.35 o €, =50m mm mrad 6.40)

o
w

6.25 |

Vertical tune v
o
[\~

| VX:?

6 6.1 6.2 6.3 6.4 6.5
Horizontal tune v,

| | \.}X=6|

6.1 6.2 6.3 6.4
Horizontal tune v

v' The operational point is relatively far from 2v,~2v,=0;
the effect of the emittance exchange is not significant.

v' Correlated painting as well as anti-correlated painting
are now feasible for MLF.



Present operational points
used for the beam operations to MLF and MR

For MR

For MLF
B-s_'lll IIIIIII||||
6.45 |
6.4

6.35 “”3

Small painting
€, =50m mm mrad

Large painting

6.4
&, =200mr mm mrad

32)

<

v

6.25
6.2 !
6.15 !

6.1
6.05 [

Vertical tune vy

vx=6I
6.1 6.2 6.3 6.4
Horizontal tune v

| \.}X=6|

6 6.1 6.2 6.3 6.4 6.5
Horizontal tune v,

v" The operational point provides a larger separation from v=6, but is very close to 2v,~2v,=0;
it minimizes the effects of v=6, but suffers significant effects of 2v,~2v =0.

v' Correlated painting is now applied for MR;
correlated painting more favors the suppression of the emittance growth
originating from the emittance exchange in case of small painting.



Pulse-by-pulse switching of the operational parameters

v" The operational parameters optimized
for the beam operations to MLF and MR are different.

T

Lattice tune (6.45, 6.32) (6.42, 6.40)
Painting area ¢, 200r mm mrad 50n mm mrad
Painting type Correlated / Ani-correlated Correlated

€<

Pulse-by-pulse switching
according as the beam destination, MLF & MR

v" The pulse-by-pulse switching of the betatron tune
is conducted with 6 sets of pulsed trim-quadrupole magnets.

v" The pulse-by-pulse switching of the injection painting
is performed with 6 sets of pulsed injection bump magnets.
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Beam profiles measured at extraction

Density (arb.)

Density (arb.)

v' By these series of efforts, we successfully met the requirements
for MLF and MR while keeping beam loss within acceptable levels.

1F
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oL

Measurements

Wide-emittance beam
for MLF

09|
sl Measurements

Narrow-emittance beam
for MR

-50 0 50

y (mm)

v A wide-emittance beam for MLF and a narrow-emittance beam for MR
were successfully achieved as requested.



RCS beam power ramp-up history for the MLF users

1000

xR
o
[}

600

B
e
(@]

200

RCS beam power to MLF (kW)

1-MW beam tests

(8.33 x 10' ppp)

Injection current upgrade
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2016,/10/1

Z 2017/10/1

2019/10/1

v We have already achieved
the 1-MW beam test successfully
with a very small beam loss of a couple of 10.

= The accelerator itself is now ready to try
a continuous 1-MW beam operation to MLF.

v" But, we had a trouble in the neutron target
at the 500-kW beam power;

:OO KW a water leak from the target vessel happened

two times one after another in 2015-2016.

= Since then, the output beam power
for MLF had been limited to ~150 kW.

v" In the last summer maintenance period,
a new robust target was installed.

= Now we are back to the beam power
ramp-up phase again;
the beam power is now recovered to 500 kW,
and it will be increased step by step
to 1 MW from now on, carefully
monitoring the condition of the target.



MR beam power ramp-up history for the NU users

600 T T T T

500 - ~500 kW

il

MR beam power to NU (kW)

|
Jan 2010  Jan 2011 Jan 2012 Jan 2013 Jan 2014 Jan 2015 Jan 2016 Jan 2017  Jan 2018

v The RCS is now delivering the beam to MR
at the beam intensity of ~6.5 x 10'® ppp,
corresponding to ~78% of the RCS design beam intensity.

v" With this RCS beam, the MR has recently achieved a new record of
a 500-kW beam power via the recent efforts for beam loss reduction
including the improvement of the RCS beam quality.

v" The design beam power of MR is 750 kW. To achieve this and more,
the MR operation cycle time will be reduced from 2.48 s to 1.3 s.

v Hardware upgrades to get such a rapid operation cycle,
such as the upgrade of the main magnet power supplies, are in progress now.



Summary

@ The effects of the emittance exchange on injection painting
were investigated for a 1-MW-equivalent high-intensity beam.

@ In this work, we found the emittance exchange makes
two major effects during injection painting.
(i) Emittance growth directly caused by the emittance exchange itself
(ii) Emittance growth caused by the secondary effect of
the emittance exchange, namely, via a modulation of the charge density.

@ They each are enhanced or mitigated depending on the choice of
correlated painting and anti-correlated painting, and their painting emittance.

® [n a situation involving the emittance exchange,
investigating the particle motions while considering the geometrical relation
between the beam painting and the emittance exchange in the (J,, J,) space
is a key to optimizing the injection painting as well as to
understanding the behavior of the beam.

@ Based on the analysis result, the operational parameters including
injection painting for the MLF and the MR were recently re-optimized,
which are now successfully applied for the routine user operations.
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Transverse painting

@ Correlated painting € Anti-Correlated painting
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v" The handling of the painting function is another promising knob
for further improvement of transverse painting




Transverse painting

v" We possibly remove a negative effect of the anti-correlated painting
by handling the route of beam painting, e.g. “halfway painting”.

€ Anti-Correlated painting

Start of injection

End of injection Ax=x_ ~Nt/T

Ax'=—x'_ ~Nt/T

v' In this empty space,

the beam is automatically distributed by the emittance exchange.

v" This kind of halfway painting well suppresses a modulation of the charge density,
and well maintains a uniform beam distribution,

which was confirmed in the numerical simulation.



Numerical simulation

@ Simpsons (developed by Dr. Shinji Machida)

- PIC
- 3-D motion of beam particles including space-charge and realistic injection process

€ Machine imperfections included:

» Time independent imperfections
- Multipole field components for all the main magnets:
BM (K.4), QM (K5 ), and SM (Kg) obtained from field measurements
- Measured field and alignment errors

» Time dependent imperfections
- Static leakage fields from the extraction beam line:
Ky 1 and SKj; estimated from measured COD and optical functions
- Edge focus of the injection bump magnets:
K, estimated from measured optical functions
- Multipole field components of the injection bump magnets:
K, ... estimated from field measurements
- BM-QM field tracking errors
estimated from measured tune variation over acceleration
- 1-kHz BM ripple
estimated from measured orbit variation
- 100-kHz ripple induced by injection bump magnets
estimated from turn-by-turn BPM data ... etc.

» Foil scattering
Coulomb & nuclear scattering angle distribution calculated with GEANT



Tune footprint during injection

Correlated painting of ¢,,=200r mm mrad
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v' In correlated painting,

the charge density per beam emittance
is nearly unchanging throughout

the painting process.

15

10 - 10
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Anti-correlated painting of ¢,,=200r mm mrad

X

= The tune footprint is almost kept

of t~0.13 ms - " e
constant during injection.
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v" In anti-correlated painting,

the balance of the charge densities

on the horizontal and the vertical planes
varies during injection.
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Vertical tune vy

= The tune shift also dynamically changes
during injection.
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Incoherent tune spread at the end of injection

Correlated painting of sm=200n mm mrad

140

120

-

Density (arb.)

= B & 8 8

v' Anti-correlated painting gives

narrower tune spread
at all times during injection.

This means anti-correlated painting
leads to less nonlinear space charge fields.

Anti-correlated painting is a painting
scheme to form a KV-like distribution,
so it serves to reduce

nonlinear space charge fields.

$

The activity of the emittance exchange is
well mitigated for anti-correlated painting,
while it is more enhanced for

correlated painting.




<<
  /ASCII85EncodePages true
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ABSALOM
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /ALIBI
    /AllegroBT-Regular
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /BankGothicBT-Medium
    /BaskOldFace
    /Batang
    /BATAVIA
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BremenBT-Bold
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CASMIRA
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CharlesworthBold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothicBT-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DauphinPlain
    /EdwardianScriptITC
    /ELEGANCE
    /Elephant-Italic
    /Elephant-Regular
    /ELLIS
    /English111VivaceBT-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EXCESS
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GENUINE
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyHandtooledBT-Regular
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HELTERSKELTER
    /HERMAN
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-Bold
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Roman
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /ISABELLE
    /JOAN
    /Jokerman-Regular
    /JuiceITC-Regular
    /JUSTICE
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /Lithograph-Bold
    /LithographLight
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MANDELA
    /Mangal-Regular
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MATTEROFFACT
    /MaturaMTScriptCapitals
    /MICRODOT
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /NATURALBORN
    /NEOLITH
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OPENCLASSIC
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /PosterBodoniBT-Roman
    /PRETEXT
    /Pristina-Regular
    /PUPPYLIKE
    /Raavi
    /RADAGUND
    /RageItalic
    /Ravie
    /REALVIRTUE
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /SHELMAN
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Staccato222BT-Regular
    /Stencil
    /Swiss911BT-ExtraCompressed
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TRENDY
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TypoUprightBT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZurichBT-RomanExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENG ()
    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.000 791.000]
>> setpagedevice


